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Design and Evaluation of Processes for Fuel Fabrication
Summary
The second quarter of the project covered the following:
• Project review with Dr. Mitchell Meyer, ANL West: A project review of the transmuter
fuels project was conducted during the January 2002 AAA meeting in Las Vegas.
• A second graduate student, Mr. Richard Silva, began working on the project. Rich will
develop detailed 3-D process simulation models as his M.Sc. thesis project. Rich is
employed with Bechtel at the Yucca Mountain project.
• AAA Seminar Presentation by Mr. Jae-Kyu Lee and G. Mauer. Title: Transmuter Fuel
Fabrication Processes.
• More equipment detail and estimates were developed for different manufacturing plant
design options.

Figure 1 Hot Cell Robots (Wälischmiller GmbH)
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1. Equipment for Fuel Fabrication Processes
Design Constraints: As described in report #1, criticality concerns mandate fabrication in small
batch sizes. Limitations of batch sizes vary with fuel composition.
Generic Equipment Needs: Depending on the process, dedicated equipment such as induction
furnaces, V-blenders, Sintering presses, and Arc welders will be required. The transport of the
material being processed can be performed using dedicated designs (“hard automation”) or
robots equipped with suitable end effectors. Hard automation (e.g. conveyors, part feeders) can
be advantageous in simple transport applications. However, they cannot normally recover from
unusual events such as part misfeeds or blockages. Robots are more complex, but can be
programmed and operated flexibly so that normal operation as well as a wide range of possible
contingencies can be covered. By changing a robot’s end of arm tools, the same robot can be
equipped to perform multiple tasks, such as material handling and inspection.
2. Metallic Fuel Equipment
Induction furnace. The concept is schematically
shown in Fig. 2. ANL West developed a custom
furnace for its fuel conditioning facility, at an
approximate cost of $2Million. Source: Dale
Wahlquist, ANL West.
The ANL casting process employs vacuum
casting into an array of quartz tubes. The tubes
are broken after casting and must be disposed as
waste. A casting process employing reusable
molds will be required in order to reduce the
quartz waste stream. Evaporation of Am from
the liquid phase is a major drawback at present.
Dr. Yitung Chen is presently investigating
methods to recover the Am-vapor, possibly by
deposition on a cold surface, so that the Am can
be returned to the fuel stream. Am losses reach
up to 40% in the ANL vacuum casting process.

Figure 2 Induction Furnace

The completed fuel pins must be inspected and
inserted into a cladding tube. An NA bond phase must be added. An end cap welder seals the
tube. The final inspection completes the process.
Cost estimates: The estimates listed below are still very tentative. Although commercial
equipment prices are available, the adaptation of such equipment to hot cell requirements can
increase the cost 10fold or more. Some equipment is based on custom development, and
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therefore cost estimates are difficult to obtain or may not exist. The cost estimates presented
below are most reliable with regard to metallic fuels due to the ability to contact scientist at ANL
West’ directly. Estimates for powder processing are indirect at this time and will be concretized
as additional information is gained.
Preliminary estimates, metallic fuel fabrication.
Equipment
Estim. Cost in Estimated
US $
Area
requirement
2
ft
Induction furnace
2Million
20
Reusable Mold
500K
20

Fuel Pin Assembly
Unit (Encapsulation
and bonding)
Automatic Welder
3 Robots, approx. 1.5
m work envelope at
270 deg. range
Inspection station
Supervision (cameras
and controllers)
Product storage

Comments

2Million

20

Source: ANL West
No
standard
process
exists.
Conventional methods have not been
adapted to hot cell use.
Custom equipment

1Million
1.5 Million

20

Custom equipment

100k
500k

10
none
10

A single manufacturing cell would require approx. 100 sq. ft. of hot cell space at a cost of
2
approx. $30,000/ft or $3M for the hot cell space. Total installation cost approx. $11Million.
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Preliminary estimates, Powder processing, ceramic fuel fabrication.
Equipment
Estim. Cost in Estimated
Comments
US $
Area
requirement
2
ft
V-blender
50k
10
Pellet press
500K
20
Sintering oven
1Million
20
Custom equipment
Pellet
Inspection 1Million
10
Custom equipment
Station
3 Robots, approx. 1.5 2 Million
m work envelope ea.
at 270 deg. range
Fuel Pin Assembly 2Million
20
Custom equipment
Unit (Pellet insertion,
Encapsulation
and
bonding)
Automatic Welder
1Million
20
Custom equipment
Supervision (cameras 500k
and controllers)
Product storage
10
Final
Inspection 100k
10
station
2
8.15M
120 ft

A single manufacturing cell would require approx. 120 sq. ft. of hot cell space at a cost of
2
approx. $30,000/ft or $3.6M for the hot cell space. Total installation cost approx. $12Million.

Figure 3 Powder Fabrication Process (Chalmers University)
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Preliminary estimates, Powder processing, Dispersion fuel fabrication.
Equipment
Estim. Cost in Estimated
Comments
US $
Area
requirement
2
ft
Particle manufacture
n.a.
n.a.
No source
Particle coating
n.a.
n.a.
No source
V-Blender
50k
10
Cold Press
1Million
10
Custom equipment
3 Robots, approx. 1.5 2 Million
m work envelope ea.
at 270 deg. range
Fuel Billet Assembly 2Million
40
Custom equipment
Unit
Hot
Extrusion 2Million
20
Custom equipment
Machine
Rod
trimming 1Million
20
Custom equipment
Machine
Supervision (cameras 500k
and controllers)
Product storage
10
Final
Inspection 500k
20
station
2
9M excl. front 130 ft excl.
end
powder front
end
processing
powder
processing
Without consideration of the front end powder processing, a single manufacturing cell would
2
require approx. 130 sq. ft. of hot cell space at a cost of approx. $30,000/ft or $3.9M for the hot
cell space. Total installation cost approx. $13Million + Powder processing costs.

Conclusion
During the second quarter, project needs and issues were detailed. A project review was
conducted in Las Vegas during the January AAA review with Dr. Mitchell K. Meyer, Group
Leader for Fabrication Development at Argonne National Lab West. It was agreed to complete
the preliminary plant cost study, and then to proceed to more detailed 3-D simulations of the
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plant layout and operation. The present effort is focusing more on collecting more detailed
information on the cost and space requirements for powder processing equipment. The floor
space requirements will be detailed further through the 3-D manufacturing simulation.

Management Issues: Expenditures were generally as planned in the proposal. Ph. D. student
Jae-Kyu Lee was funded throughout the reporting period. In relation to the number of ongoing
projects, the number of undergraduate seniors in mechanical engineering is limited.
Undergraduate student employment could not be carried out as planned.

